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CALIBRATION OF ANALYTEL
MEASUREMENT SYSTEM

RELATED APPLICATION

The present application claims the benefit of U.S. Provi-
sional Application No. 61/359,774 filed Jun. 29, 2010
entitled “Calibration of Analyte Measurement System,” the
disclosure of which 1s incorporated herein by reference for

all purposes.
BACKGROUND

Monitoring of the level of glucose or other analytes, such
as lactate or oxygen, 1n certain individuals 1s vitally impor-
tant to their health. High or low levels of glucose or other
analytes may have detrimental effects. Monitoring of glu-
cose 1s particularly important to individuals with diabetes.
Diabetics may need to monitor glucose levels to determine
when insulin 1s needed to reduce glucose levels 1n their
bodies or when additional glucose 1s needed to raise the level
of glucose 1n their bodies. In non-diabetic individuals, 1t may
be 1mportant to monitor glycemic responses to determine
whether therapeutic approaches may be useful to prevent the
onset of diabetes.

Analyte monitoring systems may be designed to test
blood samples taken periodically and measured outside of
the body (1n vitro testing), such as by putting a drop of blood
on a test strip, and performing an analyte analysis on the test
strip. Blood may be taken from a finger (by performing a
“fingerstick™) or other locations on the body, such as the
arm, thigh, etc. Tests performed 1n such a manner may be
referred to as “discrete” measurements, and in the case of
glucose measurements, “blood glucose” (BG) measure-
ments. Other systems are designed to measure analyte levels
within the body (in vivo), using a suitable sensor, without
drawing blood for every measurement. Certain systems have
combined functionality for performing both sensor-based as
well as discrete measurements.

In some situations, 1t 1s medically desirable to monitor
analyte levels 1 a subject closely, over a substantial period
of time, or on an ongoing basis for an extended time period,
in some cases indefinitely. A monitor that tracks glucose
levels by automatically taking periodic 1n vivo measure-
ments, €.g., one measurement per minute, or more or less
frequently, 1s known as a “continuous glucose monitor”
(CGM). Prior art CGMs have been provided, for example, 1n
the form of a system. A portion of the system, comprising an
clectrochemical sensor partially inserted into the skin, and
an associated processor and transmitter, with a seli-con-
tained power supply, 1s attached to the body of the user and
will remain 1n place for an extended period of hours, days,
weeks, etc. The transmitter takes analyte measurements
periodically and transmits them, for example, by short-range
radio communications, to a separate recerver/display device.
The receiver/display device will typically receive discrete
BG measurements (e.g., from a separate BG meter or an
included BG test strip port), as well as a port, such as a USB
port, for communications with upstream computers and/or
other electronics. In some embodiments, the receiver unit
may be directly or indirectly interfaced with an insulin
pump, for managing the subject’s insulin therapy.

The accuracy of the analyte measurements obtained with
an 1n vivo sensing system 1s important. Calibration of such
systems may be performed by comparing 1n vivo “system”
measurements against discrete BG “‘reference” measure-
ments from fingerstick samples measured on a test strip.
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CGM systems typically perform calibrations on a fixed
schedule. However, such a fixed schedule may impose

inconvenience on the user i1t a required calibration occurs
when a user 1s occupied with other activities or asleep. In
some 1nstances a required calibration may occur when
analyte levels are 1n a state of instability or rapid change.
Calibrations taken during such times of unstable analyte
levels may sometimes provide less than optimal results.
Accordingly, 1t would be desirable to provide calibration
routines which allow customization by user. It would also be
desirable to provide calibration routines which calibrate
when the analyte levels and rates of change are more
desirable for accurate measurement and observation.

SUMMARY

An analyte measurement system and a method for cali-
brating a signal from an electrochemical sensor are pro-
vided. A signal i1s generated from the sensor, which corre-
sponds to an analyte concentration level in a biofluid of a
subject. A user interface prompts a user to assay a calibration
sample of the user’s blood to obtain a calibration value 11 a
first condition 1s met. A processor 1s configured to correlate
the calibration value to at least one of the signals from the
sensor 1f the first condition 1s met.

In some embodiments the method further includes select-
ing a first time frame. In some embodiments, the method
includes selecting a maximum number of calibrations in the
first time frame. The first condition may be met 1f fewer than
the maximum number of calibrations has occurred in the
first time frame.

In some embodiments the method further includes select-
ing a second time frame. The method may include selecting
a maximum number of calibrations in the second time frame.
The first condition may be met 1f fewer than the maximum
number of calibrations has occurred in the second time
frame.

In some embodiments, the method further includes
prompting the user to assay a calibration sample of the user’s
blood to obtain a calibration value i1f a second condition 1s
met. The method may further include allowing the user to
select a time period 1n which calibrations are not accepted.
The second condition may be met if the current time 1is
outside the selected time period.

In some embodiments, the system further includes
prompting the user to assay a calibration sample of the user’s
blood to obtain a calibration value, 1f a third condition 1s
met. The method may include determining the existence of
a condition relating the subject. In some embodiments, the
condition comprises a determination of whether the subject
1s asleep. The third condition may be met 11 the condition
does not exist. In some embodiments, the analyte 1s glucose.

In some embodiments, the assayed calibration sample 1s
obtained from a finger stick testing site. In some embodi-
ments, the assayed calibration sample 1s obtained from an
alternative site test. The location of the assayed calibration
sample may be the leg of a user, or the abdomen of a user.
Obtaining the calibration measurement may include deter-
mining the calibration measurement in less than or equal to
about 1 uLL of blood. In some embodiments, the calibration
value 1s compared to at least one signal from the sensor for
use 1n calibrating the sensor.

An analyte measurement system and a method for cali-
brating a signal from an electrochemical sensor 1s provided,
which includes generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biotluid of a subject; providing a user the option to select a
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time for obtaining a calibration sample of the user’s blood to
obtain a calibration value; and correlating the calibration
value to at least one of the signals from the sensor if the
current time corresponds to the selected time.

In some embodiments, the method includes providing a
user an option to select a time comprises providing a user the
option to select a date and a time for calibration. The method
may include providing a user an option to select a time
comprises providing a user the option to select a time for
recurrent daily calibration. In some embodiments, the ana-
lyte 1s glucose.

An analyte measurement system and a method for cali-
brating a signal from an electrochemical sensor 1s provided
which includes generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biofluid of a subject; determining whether calibration 1s
accepted; and providing a user the option to obtain a
calibration sample of the user’s blood to obtain a calibration
value 11 calibration 1s accepted; and correlating the calibra-
tion value to at least one of the signals from the sensor.

In some embodiments, the predetermined time 1s {ifteen
minutes. In some embodiments, calibration 1s accepted 11 the
rate of change of the signal 1s within a predetermined
threshold. The method may further include determining the
likelihood of successtul calibration. In some embodiments,
an 1con 1s provided 1n a display unit relating to the likelihood
ol successiul calibration.

An analyte measurement system and a method for cali-
brating a signal from an electrochemical sensor 1s provided
which includes generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biotluid of a subject; determining a predetermined calibra-
tion time; determining a prospective calibration window
running prior to the predetermined calibration time; and
allowing calibration 1f a reference analyte measurement 1s
available during the prospective calibration window.

In some embodiments, the method includes providing a
grace period after the predetermined calibration time, and
providing an alarm 1f no calibration is performed during the
time period beginning with the predetermined calibration
time and ending with the expiration of the grace period. In
some embodiments, the alarm 1s suppressed 1 a reference
analyte measurement 1s available during the prospective
calibration window.

In some embodiments, the user 1s notified if a reference
analyte measurement 1s being accepted for calibration.

In some embodiments, the prospective calibration win-
dow comprises a time period of 10 minutes, 30 minutes

prior, or one hour prior to the predetermined calibration
time.

An analyte measurement system and a method for cali-
brating a signal from an electrochemical sensor 1s provided
which includes generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biofluid of a subject; determining a condition relating to the
stability of the sensor signal; and allowing calibration 1if the
sensor stability 1s within a predetermined threshold.

In some embodiments, the predetermined threshold com-
prises a sensor stability of about 1 mg/dL/min. In some
embodiments, the method further includes determining the
duration of sensor operation and determining stability of the
sensor signal at a reference duration of sensor operation. A
calibration may be requested 11 the stability of the sensor
signal at the reference duration of sensor operation 1s below
a threshold. The reference duration of sensor operation may
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refer to an elapsed time following insertion of the sensor in
the subject. In some embodiments, the reference duration
comprises four hours.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

A detailed description of various aspects, features, and
embodiments of the subject matter described herein 1is
provided with reference to the accompanying drawings,
which are briefly described below. The drawings are illus-
trative and are not necessarily drawn to scale, with some
components and features being exaggerated for clarity. The
drawings illustrate various aspects and features of the pres-
ent subject matter and may illustrate one or more embodi-
ment(s) or example(s) of the present subject matter in whole
or in part. Like reference numerals used 1n different figures
denote like components or process steps. Reference numer-
als that differ only in the hundreds or thousands place from
reference numerals 1n earlier figures refer (unless the context
requires otherwise) to components or process steps that may
be adapted from the corresponding component or process
step 1n the prior Figure.

FIG. 1 1s a block diagram of the components of an analyte
monitoring system in accordance with one embodiment of
the present disclosure;

FIG. 2 1s a schematic illustration of the components of an
analyte monitoring system in accordance with one embodi-
ment of the present disclosure;

FIG. 3 1s a block diagram of an on-demand analyte
monitoring system 1n accordance with one embodiment of
the present disclosure;

FIG. 4 1s a flowchart showing, at a high level, the tlow of
calibration processing in certain embodiments;

FIG. 5 1s a flowchart further showing, at a high level, the
flow of calibration processing in certain embodiments;

FIG. 6 1s a flowchart showing 1n greater detail a sequence
of steps that may be performed 1n certain embodiments 1n
connection with calibration;

FIG. 7 1s a flowchart illustrating a method for calibrating
an on-demand analyte monitor;

FIGS. 8A-8B 1s a tlowchart illustrating further calibration
steps that may be performed in an on-demand analyte
monitor;

FIG. 9 1s a flowchart illustrating calibration steps 1 an
analyte monitor 1n accordance with one embodiment of the
present disclosure;

FIG. 10 1s a flowchart illustrating calibration steps 1n an
analyte monitor 1n accordance with an embodiment of FIG.
3 of the present disclosure;

FIG. 11 1s a flowchart 1llustrating calibration steps 1n an
analyte monitor 1n accordance with an embodiment of FIG.
3 of the present disclosure;

FIG. 12 1s a flowchart illustrating calibration steps 1n an
analyte monitor 1n accordance with an embodiment of FIG.
3 of the present disclosure;

FIG. 13 1s a flowchart illustrating calibration steps 1n an
analyte monitor in accordance with one embodiment of the
present disclosure;

FIG. 14 1s a flowchart illustrating calibration steps 1n an
analyte monitor 1n accordance with one embodiment of the
present disclosure;

FIG. 15 1s a flowchart illustrating calibration steps 1n an
analyte monitor 1n accordance with one embodiment of the
present disclosure; and
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FIG. 16 1s a flowchart illustrating calibration steps in an
analyte monitor in accordance with one embodiment of the
present disclosure.

DETAILED DESCRIPTION

A detailed description of the disclosure is provided herein.
It should be understood, in connection with the following
description, that the subject matter 1s not limited to particular
embodiments described, as the particular embodiments of
the subject matter may of course vary. It 1s also to be
understood that the terminology used herein 1s for the
purpose of describing particular embodiments only, and 1s
not itended to be limiting, since the scope of the disclosed
subject matter will be limited only by the appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach mtervenming value between the upper and lower limit of
that range and any other stated or intervening value 1n that
stated range, 1s encompassed within the disclosed subject
matter. Every range stated 1s also intended to specifically
disclose each and every “sub range” of the stated range. That
1s, each and every range smaller than the outside range
specified by the outside upper and outside lower limits given
for a range, whose upper and lower limits are within the
range from said outside lower limit to said outside upper
limit (unless the context clearly dictates otherwise), 1s also
to be understood as encompassed within the disclosed
subject matter, subject to any specifically excluded range or
limit within the stated range. Where a range 1s stated by
specilying one or both of an upper and lower limit, ranges
excluding either or both of those stated limits, or including
one or both of them, are also encompassed within the
disclosed subject matter, regardless of whether or not words
such as “from”, “to”, “through”, or “including” are or are not
used 1n describing the range.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosed subject matter belongs. Although any methods and
materials similar or equivalent to those described herein can
also be used 1n the practice or testing of the present disclosed
subject matter, this disclosure may specifically mention
certain exemplary methods and materials.

All publications mentioned 1n this disclosure are, unless
otherwise specified, incorporated herein by reference for all
purposes, including without limitation to disclose and
describe the methods and/or matenals in connection with
which the publications are cited.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein 1s to be construed as an admission
that the present disclosed subject matter 1s not entitled to
antedate such publication by virtue of prior invention. Fur-
ther, the dates of publication provided may be different from
the actual publication dates, which may need to be indepen-
dently confirmed.

As used herein and 1n the appended claims, the singular
forms “a”, “an’, and “the” include plural referents unless the
context clearly dictates otherwise.

Nothing contained 1n the Abstract or the Summary should
be understood as limiting the scope of the disclosure. The
Abstract and the Summary are provided for bibliographic
and convenience purposes and due to their formats and
purposes should not be considered comprehensive.

As will be apparent to those of skill 1n the art upon reading
this disclosure, each of the individual embodiments

described and illustrated herein has discrete components and
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features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosed subject matter. Any recited method can be carried
out 1n the order of events recited, or 1n any other order which
1s logically possible. Reference to a singular item, includes
the possibility that there are plural of the same 1tem present.
When two or more items (for example, elements or pro-
cesses) are referenced by an alternative “or”, this indicates
that either could be present separately or any combination of
them could be present together except where the presence of
one necessarily excludes the other or others.

Certain classes of analyte momitors are provided in small,
lightweight, battery-powered and electronically-controlled
systems. Such a system may be configured to detect signals
indicative of 1n vivo analyte levels using an electrochemical
sensor, and to process and/or collect such signals. In some
embodiments, the portion of the system that performs this
initial processing may be configured to transmit the initially
processed data to another unit for further collection and/or

processing. Such transmission may be eflected, for example,
via a wired connection, such as electrical contacts or a cable,
or via a wireless connection, such as an IR or RF connection.
Certain analyte momitoring systems for 1n vivo measure-
ment employ a sensor that measures analyte levels in
interstitial fluids under the surface of the subject’s skin. In
certain embodiments, a sensor may be inserted transcutane-
ously or subcutaneously (1.e., at least partially through the
skin), or, 1n other embodiments, may be inserted entirely or
wholly implanted below the skin. A sensor in such a system
may operate as an electrochemical cell. Such a sensor may
use any of a varniety of electrode configurations, such as a
three-electrode configuration (e.g., with “working”,

, “refer-
ence” and “counter” electrodes), driven by a controlled
potential (potentiostat) analog circuit, a two-electrode sys-
tem configuration (e.g., with only working and counter
clectrodes), which may be self-biasing and/or self-powered,
and/or other configurations.

In certain systems, the analyte sensor 1s 1n communication
with a data processing/transmitter unit; the term “transmitter
umt” or “transmitter device” as used 1n this disclosure
sometimes refers to such a combination of an analyte sensor
with such a data processing/transmitter unit. Certain
embodiments are modular. The transmitter device may be
separately provided as a physically distinct assembly, and
configured to transmit the analyte levels detected by the
sensor over a communication link to a receiver/monitor unit,
referred to 1n this disclosure as a “receiver unit” or “receiver
device”, or 1n some contexts, depending on the usage, as a
“display unit,” “handheld umt,” or “meter”.

The recerver unit may perform data analysis, etc. on the
received analyte data to generate mformation pertaining to
the monitored analyte levels. The receiver unit may incor-
porate a display screen, which can be used, for example, to
display measured analyte levels. It 1s also useful for a user
of an analyte monitor to be able to see trend indications
(including the magnitude and direction of any ongoing
trend), and such data may be displayed as well, either
numerically, or by a visual indicator, such as an arrow that
may vary in visual attributes, such as size, shape, color,
amimation, or direction. The recerver device may further
incorporate a test strip port and related electronics 1n order
to be able to make discrete (e.g., BG) measurements.

The modularity of these systems may vary. In some
embodiments the sensor 1s attachable and detachable from

the transmitter (and transmitter reusable), while 1n other
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embodiments, the sensor and transmitter may be provided as
an itegrated package, which may be disposable.

To provide flexibility in analyte sensor manufacturing
and/or design, 1t may be desirable for the transmitter device
to accommodate a substantial range of analyte sensor sen-
sitivities. Methods and systems for measuring sensor sensi-
tivity are desirable in such cases, so that the analyte monitor
may be accurately calibrated.

FIG. 1 shows one embodiment of an analyte measurement
system 100. In such a system, a data processing unit or
sensor control umit 120 may interact with an analyte sensor
110 to obtain signals representative ol analyte levels. Data
processing unit 120 may further include a communications
circuit with associated electronics (not shown). In some
embodiments, the data processing unit 120 and sensor 110
are disposed on the body of the subject. Accordingly, the
data processing unit 120 and the sensor 110 may be referred
to collectively herein as an “on-body unit” 101. A receiver
unit or monitor umt 140 may also be provided. In the
embodiment shown, data processing unit 120 and receiver
unit 140 communicate via connection 130 (which 1n certain
embodiments may be a wireless RF connection). In some
embodiments, a secondary receitver unit 160 may be pro-
vided. A data processing terminal 150 may provide further
processing or review ol analyte data.

In certain embodiments, system 100 may be a continuous
glucose monitoring (CGM) system, and accordingly operate
in a mode 1n which the communications via connection 130
have sullicient range to support a flow of data from on-body
unit 101 to monitor unit 140. In some embodiments, the data
flow mm a CGM system 1s automatically provided by the
on-body unit 101 to the monitor unit 140. For example, no
user intervention may be required for the on-body unit 101
to send the data to the monitor unit 140. In some embodi-
ments, the on-body unit 101 provides the signal relating to
analyte level to the monitor unit 140 on a periodic basis. For
example, the signal may be provided, e.g., automatically
sent, on a fixed schedule, e.g., once every 250 ms, once a
second, once a minute, etc. In some embodiments, the signal
1s provided to the monitor unit 140 upon the occurrence of
an event, e¢.g., a hyperglycemic event or a hypoglycemic
event, etc. In some embodiments, data processing unit 120
may further include local memory in which 1t may record
“logged data” or buflered data collected over a period of
time and provide the some or all of the accumulated data to
monitor unit 140 periodically. In other embodiments, a
separate data logging unit may be provided to acquire
periodically transmitted data from data processing unit 120.
Data transmission mm a CGM system may be one-way
communication, e.g., the on-body umt 101 provides data to
the momtor unit 140 without receiving signals from the
monitor unit 140. In some embodiments, two-way commu-
nication 1s provided between the on-body unit 101 and the
monitor unit 140.

In some embodiments, a signal 1s provided to the monitor
unit 140 “on demand.” According to such embodiments, the
monitor unit 140 requests a signal from the on-body unit
101, or the on-body unit 101 may be activated to send signal
upon activation to do so. Accordingly, one or both of the
on-body unit 101 and monitor unit 140 may include a switch
activatable by a user or activated upon some other action or
event, the activation of which causes analyte-related signals
to be transierred from the on-body unit 101 to the monitor
unit 140. For example, the monitor unit 140 1s placed in
close proximity with a transmitter device and 1nitiates a data
transfer, either over a wired connection, or wirelessly by
various means, including, for example, various RF-carried
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encodings and protocols, such as radio frequency i1dentifi-
cation (RFID) protocols, and IR links.

In some embodiments, the signal relating to analyte level
1s instantaneously generated by the analyte sensor 110 upon
receipt of the request, and transmitted to the monitor unit
140 as requested, and/or the signal relating to analyte level
1s periodically obtained, e.g., once every 250 ms, once a
second, once a minute, etc. Upon receipt of the “on demand”
request at the on-body unit 101, an analyte signal 1s provided
to the monitor unit. In some cases, the signal provided to the
monitor umt 140 includes the most recent analyte signal(s).

In further embodiments, additional data 1s provided to the
monitor unit 140 “on demand.” For example, analyte trend
data may be provided. Such trend data may include two or
more analyte data points to indicate that analyte levels are
rising, falling, or stable. Analyte trend data may include data
from longer periods of time, such as, e.g., several minutes,
several hours, several days, or several weeks.

Further details regarding CGM and on demand systems
are disclosed 1n, for example, U.S. Pat. No. 7,620,438, U.S.
Patent Publication Nos. 2009/0054749 Al, published Feb.
26, 2009; 2007/0149873 Al, published Jun. 28, 2007; 2008/
00649377 Al, published Mar. 13, 2008; 2008/0071157 Al,
published Mar. 20, 2008; 2008/0071158 A1, published Mar.
20, 2008; 2009/0281406 Al, published Nov. 12, 2009;
2008/0058625 Al, published Mar. 6, 2008, now U.S. Pat.
No. 7,920,907; 2009/0294277 Al, published Dec. 3, 2009;
2008/0319295 Al, published Dec. 25, 2008, now U.S. Pat.
No. 8,597,188; 2008/0319296 A1, published Dec. 25, 2008,
now U.S. Pat. No. §8,617,069; 2009/0257911 Al, published
Oct. 135, 2009, now U.S. Pat. No. 8,252,229; 2008/0179187
Al, published Jul. 31, 2008; 2007/0149875 Al, published
Jun. 28, 2007, now U.S. Pat. No. 8,515,518; 2009/0018425
Al, published Jan. 135, 2009, now U.S. Pat. No. 8,160,670;
and pending U.S. patent application Ser. No. 12/625,524,
filed Nov. 24, 2009, now U.S. Pat. No. 8,390,455; Ser. No.
12/625,525, filed Nov. 24, 2009 now U.S. Pat. No. 8,338,
210; Ser. No. 12/625,528, filed Nov. 24, 2009, now U.S. Pat.
No. 8,115,635; Ser. No. 12/628,201, filed Nov. 30, 2009;
Ser. No. 12/628,177, filed Nov. 30, 2009; Ser. No. 12/628,
198, filed Nov. 30, 2009; Ser. No. 12/628,203, filed Nov. 30,
2009; Ser. No. 12/628,210, filed Nov. 30, 2009; Ser. No.
12/393,921, filed Feb. 26, 2009; Ser. No. 12/698,124, filed
Feb. 1, 2010; Ser. No. 12/495,709, filed Jun. 30, 2009; Ser.
No. 12/714,439, filed Feb. 26, 2010; Ser. No. 12/842,013,
filed Jul. 22, 2010; 61/163,006, filed Mar. 23, 2009; Ser. No.
12/495,730, filed Jun. 30, 2009 Ser. No. 12/495 712 filed
Jun. 30, 2009, now U.S. Pat. No. 8,437,827, Ser. No.
12/807,278, ﬁled Aug. 31, 2010; Ser. No. 12/873 301, filed
Aug. 31, 2010; Ser. No. 12/870 818, filed Aug. 28, 2010
Ser. No. 12/873,302, filed Aug. 31, 2010; 61/249,335, filed
Oct. 7, 2009; Ser. No. 12/544,061, ﬁlecﬂ Aug. 19, 2009; Ser.
No. 12/625,185, filed Nov. 24, 2009, now U.S. Pat. No.
8.354,013: Ser. No. 12/625,208, filed Nov. 24, 2009; Ser.
No. 12/624,767, filed Nov. 24, 2009; Ser. No. 12/242,780,
filed Sep. 30, 2008; Ser. No. 12/183,602, filed Jul. 31, 2008,;
Ser. No. 12/211,014, filed Sep. 15, 2008, now U.S. Pat. No.
8,636,884; and Ser. No. 12/114,359, filed May 2, 2008, now
U.S. Pat. No. 8,080,383, each of which 1s incorporated by
reference 1n 1ts entirety herein for all purposes.

An exemplary configuration for sensor 110 and data
processing unit 120 (e.g., collectively on-body unit 101) 1s
illustrated 1n FIG. 2. On-body unit 101, may be provided
with a substantially circular configuration having a reduced
height (i1.e., “Z”-dimension) to provide a low-profile when
sitting on the skin of the subject. Further, an adhesive patch
215 may be used to adhere the on-body unit 101 to the skin
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of the subject. On-body unit 101, including its associated
clectronics, are housing in sensor housing 211. For example,
clectronics may include, e.g., an analog interface for con-
necting to the sensor 110, a processor, and a power supply.
A serial communication section may be provided. A tem-
perature sensor, such as a thermistor detects skin and/or
ambient temperature for determining temperature compen-
sation to the analyte signal. An RF transmitter/receiver 1s
provided to communicate with the receiver unit 140. A data
storage unit, such as a memory, may be provided for storage
ol analyte data points over a short term, e.g., several hours
or minutes, or over a long term, e.g., several days or weeks.
Additional optional electronics include a serial communica-
tion section, a leakage detection circuit, or user nput, e.g.,
a switch to activate/deactivate the device. Many of the
enumerated components may be combined together and/or
their function provided by common components. Further-
more, certain components may be eliminated entirely. For
example, a power supply may be omitted 1f power 1is
provided by inductive coupling.

In some embodiments, sensor 110 1s disposed within the
on-body unit 101, 1n a bent configuration. The contact
portion of sensor 110 1s oriented 1n a substantially horizontal
configuration, and secured to a circuit board of on-body unit
101. The msertion portion 214 of the sensor 110 extends 1n
a downwardly vertical orientation for placement in the skin
of the subject. It 1s understood that sensor 110 may be
disposed 1n other configurations, €.g., 1n an entirely substan-
tially vertical configuration. As a further example, the 1nser-
tion portion 214 may be disposed at an oblique angle, e.g.,
between 0° and 90° with respect to the skin surface.

As 1llustrated 1n FIG. 2, the on-body unit 101 communi-
cates with the receiver unit 140 via communication link,
which, as described above, may be a wireless communica-
tion link such as an RF or RFID communication link. Such
communication may be one-way communication, €.g., from
the on-body unit 101 to the receiver unit 140. In some
embodiments, the communication may be two-way, e.g.,
both from the on-body unit 101 to the recerver unit 140 and
from the receiver unit 140 to the on-body unit 101. In such
cases, the receiving unit 140 may also be referred to herein
as a display unit, transceiver or handheld unit. Communi-
cation between the on-body unit 101 and receiver unit 140
may occur via RF communication, inductive coupling, direct
wired connection, etc.

The recerver unit 140 may perform data analysis, etc., on
the received analyte data to generate information pertaining,
to the monitored analyte levels. The receiver unit may
incorporate a display screen 221, which can be used, for
example, to display measured analyte levels. It 1s also usetul
for a user of an analyte monitor to be able to see trend
indications (including the magnitude and direction of any
ongoing trend), and such data may be displayed as well,
either numerically, or by a visual indicator, such as an arrow
that may vary 1n visual attributes, such as size, shape, color,
ammation, or direction. The receiver device may further
incorporate a test strip port 222 and related electronics 1n
order to be able to make discrete (e.g., BG) measurements.

The modularity of these systems may vary. In some
embodiments the sensor 1s attachable and detachable from
the transmitter (and transmitter reusable), while 1n other
embodiments, the sensor and transmitter may be provided as
an integrated package, which may be disposable.

To provide flexibility in analyte sensor manufacturing
and/or design, 1t may be desirable for the transmitter device
to accommodate a substantial range of analyte sensor sen-
sitivities. Methods and systems for measuring sensor sensi-
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tivity are desirable 1n such cases, so that the analyte monitor
may be accurately calibrated. In the present invention, novel
methods for measuring sensor sensitivity are provided, as
described below.

The sensor 110 of the analyte measurement system 100
may be used to monitor levels of a wide variety of analytes.
Analytes that may be monitored include, for example, acetyl
choline, amylase, bilirubin, cholesterol, chorionic gonado-
tropin, creatine Kinase (e.g., CK-MB), creatine, DNA, fruc-
tosamine, glucose, glutamine, growth hormones, hormones,
ketones, lactate, peroxide, prostate-specific antigen, pro-
thrombin, RNA, thyroid stimulating hormone, and troponin.
The concentration of drugs, such as, for example, antibiotics
(e.g., gentamicin, vancomycin, and the like), digitoxin,
digoxin, drugs of abuse, theophylline, and warfarin, may
also be monitored.

In one embodiment of the present disclosure, sensor 110
1s physically positioned 1n or on the body of a user whose
analyte level 1s being momtored. Sensor 110 may be con-
figured to continuously sample the analyte level of the user
and convert the sampled analyte level into a corresponding
data signal for analysis and/or transmission by data process-
ing unit 120. Alternatively, sensor 110 may be configured to
provide analyte levels on demand, e.g., upon request, from
a separate device.

The sensor 110 may take on a number of forms. For
example, the sensor 110 may include a flexible or rigid
substrate. In some embodiments, the sensor 110 may be a
wire. In some embodiments, the sensor 110 may include two
or three or more electrodes.

In some embodiments, sensor 110 includes a substrate
which 1s a dielectric, e.g., a polymer or plastic material, such
as polyester or polyamide. In certain embodiments, the
sensor 110 1s constructed so that a portion i1s positionable
beneath skin and a portion 1s above skin. Accordingly,
sensor 110 includes an insertion portion and a contact
portion. The contact portion typically includes several con-
ductive contacts for connection to other electronics, e.g., at
the data processing umt 120. In certain embodiments, the
contacts provided are for a working electrode, a reference
electrode, and a counter electrode. In some embodiments,
two or more working electrodes are provided. The operative
portions of these electrodes, that 1s, the working electrode,
reference electrode, and counter electrode, are provided at
the distal end of 1sertion portion of sensor 110. The contact
and operative portions of the electrodes are connected by
circuit traces running on the surface of the substrate. In some
embodiments, the traces are provided in channels, or may be
embedded within the substrate, or may traverse diflerent
sides of the substrate. The conductive contacts, conductive
traces, and electrodes are fabricated from a conductive
material, such as platinum, palladium, gold, or conductive
carbon. Further details of sensors are described, e.g., in U.S.
Pat. Nos. 6,175,572, 6,103,033, and 6,134,461, the disclo-
sures of each of which are incorporated by reference herein.

In use, the sensor 110 may be configured to bend and
therefore be positioned 1n two substantially perpendicular,
intersecting planes.

In general, sensors in accordance with the present disclo-
sure operate electrochemically, through an arrangement of
clectrodes having chemical sensing layers applied thereto,
by generating an electrical current proportional to the vol-
ume of a redox reaction of the analyte (and indicative of
analyte concentration), catalyzed by an analyte-specific oxi-
dizing enzyme. Embodiments exist in which the number of
clectrodes provided to bring about and detect the level of
these reactions 1s two, three or a greater number.
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A portion of sensor 110 may be situated above the surface
of the skin, with a distal portion 214 penetrating through the
skin and into the subcutaneous space in contact with the
user’s bioflmid, such as interstitial fluid. The disposition of
the sensor in the 1illustrated embodiment 1s referred to as
“transcutancous” or “subcutaneous”. In general, the terms
“transcutaneous’ and “subcutaneous’ as used herein refer to
a sensor that 1s only partially mnserted under one or more
layers of the skin of the user. In certain embodiments, sensor
110 1s completely nserted under one or more layers of the
skin of the user, 1.e., wholly implanted beneath the skin
surface. It 1s understood that many features described herein
would be applicable to transcutaneous and subcutaneous
sensors as well as wholly implanted sensors. Further details

regarding the electrochemistry of sensor 110 1s provided 1n,
for example, U.S. Pat. Nos. 5,264,104; 5,356,786; 5,262,

035; 5,320,725: 5,593,852; and 6,990,366, the disclosures of
cach of which are incorporated herein by reference for all
pPUrposes.

In some embodiments, the sensor 1s implantable nto a
subject’s body for a period of time (e.g., three to seven days,
or 1n some embodiments, longer periods of up to several
weeks) to contact and monitor an analyte present 1 a
biological fluid. In this regard, the sensor can be disposed in
a subject at a variety of sites (e.g., abdomen, upper arm,
thigh, etc.), including intramuscularly, transcutaneously,
intravascularly, or 1n a body cavity.

In some embodiments, sensor 110 1s employed by 1inser-
tion and/or implantation 1nto a user’s body for some usage
period. In such embodiments, the substrate may be formed
from a relatively flexible material to improve comifort for the
user and reduce damage to the surrounding tissue of the
isertion site, €.g., by reducing relative movement of the

sensor with respect to the surrounding tissue.

Certain embodiments of sensor 110 include three elec-
trodes, while other embodiments can include a fewer or
greater number of electrodes. For example, a two electrode
sensor can be utilized. The sensor may be externally-
powered and allow a current to pass proportional to the
amount of analyte present. Alternatively, the sensor itself
may act as a current source in some embodiments. In some
two-electrode embodiments, the sensor may be seli-biasing
and there may be no need for a reference electrode. An

exemplary self-powered, two-electrode sensor 1s described
in U.S. patent application Ser. No. 12/393,921, filed Feb. 26,

2009, and entitled “Self-Powered Analyte Sensor,” which 1s
hereby mncorporated by reference 1n 1ts entirety herein for all
purposes. The level of current provided by a self-powered
sensor may be low, for example, on the order of nanoam-
peres.

FI1G. 3 1llustrates an exemplary on-demand analyte moni-
toring system. System 300 may include analyte sensor 311
within transmitter device 310, at least one processor 321,
logic 322 and optionally memory 323. In a system employ-
ing a remote receiver unit, such as receiver unit 320, 1n
which the receiver unit 320 1s performing the calibration of
the transmitter device 310, or of the sensor element 311 1n
the transmitter device 310, processor 321 and memory 323
would be within and accessible to receiver unit 320.

The logic 322 portion of processor 321 can be mmple-
mented 1n several different ways. Processor 321 could
comprise a general purpose computer, such as an embedded
microprocessor, which could operate by executing machine-
readable routines stored 1n memory 323. In such a case, logic
322 comprises the general purpose processing elements of
processor 321, programmed to perform specific functions by
the programming read from memory 323. Memory 323
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could comprise read-only memory or firmware, or volatile
memory loaded from a storage device (not shown), etther at
system startup (boot) or during run time. Alternatively, logic
322 could comprise a system of logic elements intercon-
nected to perform the specified operations. Such a system
could be provided 1n the form of discrete hard-wired logic,
gate arrays, programmable gate arrays, and might include
one or more Field Programmable Gate Arrays (FPGAs) or
Application-Specific Integrated Circuits (ASICs).

For a more detailed discussion of continuous analyte
monitoring devices, see, e.g., U.S. patent application Ser.
No. 12/873,298, filed Aug. 31, 2010, hereby incorporated by
reference herein 1n 1ts entirety, for all purposes. Additional
commonly assigned applications describe systems which
comprise an “on-demand” analyte monitor, e.g., 1n which
analyte measurements are either transmitted from the sensor/
transmitter to the recetver unit or obtained from the sensor

upon request of the user. See, e.g., U.S. patent application
Ser. No. 13/011,898 filed Jan. 22, 2011 and U.S. patent

application Ser. No. 12/807,278 filed Aug. 31, 2010, the
disclosures of each of which are hereby incorporated by
reference in their entirety herein for all purposes.

System 300 may also comprise an operative component
configured to provide a reference analyte measurement.
Such a component may be an analyte meter. The analyte
meter may be a glucose meter comprising a test strip port.
As shown 1n FIG. 3, recetver unit 320 incorporates test strip
reader 324 for performing discrete 1n vitro analyte measure-
ments, such as blood glucose (BG) measurements. In some
embodiments, recerver unit 320 may also function as an
analyte meter, €.g., a glucose meter. In other embodiments,
receiver unit 320 may have a data entry provision, whereby
a reading from a separate analyte monitor or meter may be
iput as reference test data.

In some embodiments, processor 321 includes logic 322
to perform the following functions: accept a reference
analyte measurement of the subject, made other than with
said sensor, perform, in response to a command from the
user of the system, at least one test measurement of a level
of analyte in the subject, and 1f the test measurement 1is
performed within about a specified period before or after
said noted time of said reference measurement, determine a
calibration adjustment for use with said system, as a function
ol the reference measurement and the test measurement.

The logic 322 provided by processor 321 may cause a
prompt to be provided to the user to perform a reference
analyte measurement, such as a BG measurement from a
finger stick. Such a prompt could be provided based on a
calibration schedule established in system 300. The logic
causes the system to accept the reference test if 1t satisfies
specified criteria, as described above. IT the reference test
satisfies the specified criteria, the logic might further provide
another prompt to be provided to the user, to perform a test
analyte measurement using system 300. The logic might
further provide the capability, through a suitable setup
routine or otherwise, for the user to enable or disable
1ssuance of an explicit prompt to perform the system mea-
surement.

In some embodiments, the system requires the user to
perform calibrations on a fixed schedule. For example,
several calibrations may be scheduled on the first day of
sensor wear, €.g., the first twenty-four hours following
implantation of the sensor. Calibrations are typically
required to address peculiarities of wearing a sensor under
the skin on the first day. Without limiting the current
disclosure, such peculiarities may be due to several mecha-
nisms, such as the healing characteristics of the subject’s
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body, the sensor chemistry, etc. In some embodiments, a
pre-set calibration schedule 1s typically established at the
factory and includes several times 1 which a calibration
request 1s sent to a user. A user 1s typically unable to alter
such calibration schedule. Such calibration schedule may be
referred to herein as a “pre-set calibration schedule.”

Proper calibration of a glucose monitor with a reference
glucose reading 1s vital for accurate performance in certain
embodiments. Calibration 1s the process where the conver-
s1on factor for the calculation of glucose from sensor data 1s
determined, where the conversion factor (or sensitivity) 1s a
ratio of the electrical current generated by the analyte sensor
to the reference glucose value associated in line with this
current signal.

To perform calibration based on discrete measurements,
analyte momtoring system 100 may employ a substantial
plurality of signal processing algorithms, which may be
performed by a processor within data processing unit 120
and/or a processor 1n receiver unit 140, or a combination of
those processors. Over the usable life of sensor 110, cali-
brations may be performed at various intervals 1n order to
determine that the sensor 1s ready for use and continues to
operate 1n a usetul range, and to determine the sensitivity of
the sensor so that accurate analyte concentration measure-
ments may be provided.

Relevant functions that may be provided with regard to
calibration may fall into two areas: (1) logic for scheduling
calibrations, and (2) logic for performing calibrations.

FIG. 4 shows procedures for calibrating system 100. In
general, such a procedure may comprise taking a discrete
analyte measurement from the subject (“reference measure-
ment” 410), taking at a proximate time an analyte measure-
ment from the subject with system 100 (*system measure-
ment” 420), and determining, based on such measurements,
appropriate calibration parameters or sensitivity factor (S)
for converting system measurements nto concentration
units (430).

The reference measurement may be a BG finger stick (in
the case of the analyte being glucose), but also may be any
measurement of analyte in the subject, blood-based or
otherwise, taken by any means other than the system being
calibrated.

The procedure for taking a system measurement 1s further
outlined 1n FIG. 5. The procedure may generally comprise a
measurement taken from sensor 110 (510), which 1s pro-
cessed by processor 1n data processing unit 120 or receiver
140. In some embodiments, the measurement from sensor
110 will be an electrical current.

Data processing or transmitter units may vary from one to
another 1 terms of electrical and physical characteristics.
Accordingly, the sensor current measurement may be
adjusted for variations among processing units in accor-
dance with parameters that characterize the particular data
processing unit in use (520). The current may then be further
subjected to temperature compensation (330) and, 1t sufli-
cient data i1s available, lag time compensation (3540), the
latter being applied due to the delay in interstitial analyte
concentration measurements as compared to discrete blood
measurements, when the analyte level 1s changing.

An “immediate, real-time” sensitivity factor may be cal-
culated (550) by dividing the temperature and lag-corrected
sensor current by the reference measurement (each deter-
mined at appropriate times). Furthermore, a composite sen-
sitivity may be calculated based on successive measure-
ments, for example, two successive measurements, by
performing a weighted average of the sensitivities calculated
from the two measurements.
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Note, however, that in order to proceed with any of the
processing described above, 1t 1s also desirable to perform a
plurality of tests (1in some embodiments, a substantial plu-
rality of tests), to ensure that the data utilized in the
sensitivity determination (350) 1s valid. These validation
checks will be described 1n connection with the more
detailed discussion of calibration procedures that follows.

FIG. 6 1s a flow diagram that outlines 1n further detail a
number of phases for a calibration procedure i1n certain
embodiments of the disclosed subject matter, particularly
developed for continuous monitoring embodiments.

In an on-demand system, certain adaptations will be
introduced into the processing described 1n connection with
FIG. 6, as well as 1n connection with FIG. 7, which follows.
As will be seen, there are numerous calculations performed
in connection with FIGS. 6 and 7 that contemplate a series
of periodic or mtermittent system measurements, as would
normally be obtained during the operation of a CGM device.
However, 1n an on-demand device, data processing unit 120
may communicate on separate, relatively widely spaced
occasions, with receiver unit 140. Various techniques may
be used to acquire, 1n an on-demand setting, the series of
measurements contemplated by FIGS. 6 and 7, or to work
around not having some or all of such data. For example, 1n
embodiments 1 which data processing unit 120 includes
storage for recent measurements, an on-demand calibration
may mvoke a bulk transtfer of stored values, which may be
suflicient to satisty the requirements of the procedures
envisioned by FIGS. 6 and 7. In other embodiments, the
circuitry in data processing unit 120 may provide averaged
and sequential data that may be used 1n a similar manner;
although the sequenced data may provide fewer data points
than might be used 1n a CGM counterpart performing the
same procedures, the procedures could be performed with
the fewer number of points. The circuitry could also provide
rate of change measurements, e.g., by a differentiator circuit,
or by comparison to a running average. Similarly, “retro-
spective” adjustments, as will be discussed, requiring a
series of system measurements after a calibration, could
similarly be provided by a follow-up on-demand measure-
ment within a specified period of time. In addition, in some
embodiments, e.g., where such data 1s not available, the
calculations could proceed without the sequential data, using
the last data acquired 1n place of an average, or not adjusting
for rates ol change where suflicient data 1s available to
calculate those rates. A number of specific embodiments for
acquiring periodic, averaged and/or rate-of-change measure-
ments 1n an on-demand context are discussed below.

With the foregoing i mind, with regard to inherent
differences between CGM and on-demand operating char-
acteristics, the steps shown 1n FIG. 6 will now be addressed
one-by-one 1n further detail, with reference to specific
embodiments.

The calibration process in the illustrated embodiment
begins with either a scheduled or user-initiated calibration
(610). In these embodiments, analyte measurement system
100 expects calibration when either a scheduled calibration
1s due, or the user indicates intent to perform manual
calibration, for example, by appropriate mput imnto a CGM
monitor, or alternatively by initiating an on-demand mea-
surement.

The electrical current produced by analyte sensor 110, the
temperature of the skin near the sensor, and the temperature
of the circuitry may be checked for validity within data
processing unit 120. Whenever data processing unit 120 1s
connected to recerver unit 140 (whether on a “continuous™
basis or 1n an on-demand connection), these measurements
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and checks are transmitted to the receiver unit. In some
embodiments, the data processing unit 120 transmits data to
the receiver umt 140 via a “rolling data” field in a periodic
data packet. Data may be spread out among consecutive data
packets, and the packets may provide redundancy (and
turther reliability and data integrity) by accompanying cur-
rent values with immediate past values. Other embodiments,
¢.g., in which the transmitter collects logged and/or time-
delayed data, may transfer larger amounts of data with each

transmission. See, e.g., U.S. patent application Ser. No.
12/807,2778, filed on Aug. 31, 2010, which 1s hereby incor-

porated by reference herein 1n 1ts entirety for all purposes.
Data transmitted may include measurement calibration
information and a “count” of the sensor measurement from
an analog to digital converter (ADC).

After a calibration 1s mnitiated, a calibration preconditions
check (611) may be performed. In one embodiment, these
checks may include data validation on the transmaitter side,
including checks for hardware error (a composite OR of a
plurality of possible error signals), data quality (set if the
sensor measurement 1s changing faster than could be
accounted for physiologically, indicative of an intermittent
connection or leakage) and current/voltage saturation (com-
pared to current and voltage thresholds). If any of these
conditions are detected and then cleared, the corresponding
flag bit remains set for a period, e.g., one minute, after the
condition clears, to give time for the system to settle.

Further checks may be performed within receiver unit
140. A counter electrode voltage signal may be checked to
ensure that 1t 1s within operating range, and 1f not the
receiver processor may set a tlag for mvalid data not to be
used for measurements (and hold the flag for a period, e.g.,
one minute, aiter the condition clears).

A data quality check may further comprise checks that all
requisite data has been supplied by the transmitter; that none
of the various error tlags are set; and that the current and
prior voltage counts were within prescribed limits (e.g.,
about 50-2900 voltage counts). There may be further vali-
dation that the transmitter temperature 1s 1n a valid range
(e.g., about 25-40° C.), that raw sensor current 1s above an
acceptable threshold (e.g., about 18 counts, minimum), and
that sensor life state (provided by other logic in the system)
1s still active. There may also be a further check for
high-frequency noise.

A data availability check may be performed. In this check,
alter eliminating points marked as invalid per the above-
described processes, as well as those ivalidated by
upstream processes, a determination 1s made whether there
are suilicient valid data points to reliably perform rate-
related calculations, as may be required 1n various aspects of
the calibration procedure. The data availability check may
be varied for on-demand applications: they may be based on
an examination of stored data received in the latest trans-
mission (where the transmitter stores data or provides time-
delayed data), or alternatively, these tests could be reduced
or eliminated.

A minimum wait requirement check may be performed, to
ensure that the calibration request does not contlict with the
operative calibration schedule (As will be discussed, cali-
bration scheduling imposes limitations on when calibrations
may be taken and/or used, including waiting periods during,
baseline calibrations and at certain other times).

A sensor rate check may also be performed. A rate 1s
calculated from a plurality of measurement points, based on
a least-squares straight-line fit, again, where data 1s avail-
able. The value of the rate thus established must be less than
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the composite sensitivity (or 1f not yet calculated, a nominal
sensitivity) multiplied by the sensor current.

Pre-calibration check procedures are further discussed 1n
commonly assigned U.S. Publication No. 2008/0161666 and
U.S. Publication No. 2009/003674/, which are hereby each

incorporated by reference in their entirety herein for all
pUrposes.

If conditions permit (or require) calibration, and calibra-
tion 1s called for or expected 1n accordance with a calibration
schedule, or user mitiated, a calibration attempt may be
requested (612). Calibration “attempt” for purposes hereof
means that a reference measurement 1s used or evaluated for
calibration purposes. In some embodiments, requesting a
calibration attempt comprises providing a prompt, for
example, through a screen on receiver unit 140, or an audible
prompt, to take a reference measurement, e.g., a BG finger-
stick.

Adfter the user has conducted a reference measurement for
calibration (620), further checks may be performed, to check
the sensor condition since the request for the reference test
was made, and to ensure that the reference measurement 1s
within an acceptable range (630). Such checks may further
comprise the same tests as the pre-calibration checks, except
that user interaction delays will not be factored into rate
windows and determinations, and scheduling wait time
constraints will not be considered (since the calibration has
already started).

Post-calibration check procedures are further discussed 1n
commonly assigned U.S. Publication No. 2008/0161666 and
U.S. Publication No. 2009/0036747, reterred to above.

After reference test data 1s acquired and checked, sensor
sensitivity may be determined (640). Measured sensor cur-
rent may be affected by a number of factors, for which
appropriate corrections may be introduced.

As mentioned above in connection with FIG. 5, sensor
current 1s also temperature dependent. The measurement of
skin temperature can be influenced by the temperature of the
environment around sensor 110 or on-body unit 101. To
account for this dependence, analyte measurement system
100 may use two thermistors, one 1n the skin, and the other
in the data processing unit 120 circuitry, to measure these
temperatures, and then compensate.

A lag adjustment between interstitial fluid and blood
glucose values may also be calculated. In comparing a
measured interstitial analyte measurement with a blood-
derived reference measurement, 1n a subject whose analyte
level may be changing, there could be a time lag of the
interstitial measurement as compared to the blood-based
reference measurement, which could aflect the accuracy of
the calibration unless appropriately taken into account. In
one embodiment, the lag corrected monitored data at the
calibration time may be determined by applying the deter-
mined rate of change of the monitored data at the calibration
time to a predetermined constant value. In one embodiment,
the predetermined constant value may include, a predeter-
mined time constant. For example, in one embodiment, the
predetermined time constant may include a fixed time con-
stant 1n the range ol approximately four to fifteen minutes,
and which may be associated with the one or more of the
patient physiological profile, one or more attributes associ-
ated with the monitoring system (including, for example, but
not limited to, the characteristics of the analyte sensor 110).
In a further aspect, the predetermined time constant may
vary based on one or more factors including, for example,
but not limited to, the timing and amount of food intake by
the patient, exogenous insulin intake, physical activities by
the patient such as exercise, or any other factors that may
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aflect the time constant, and which may be empirically
determined. See U.S. Publication No. 2008/0081977, now

U.S. Pat. No. 7,618,369, which i1s hereby incorporated
herein by reference in 1ts entirety for all purposes. Where
only fewer data points are available, other rate calculations
may be used. In addition, analog rate measurements may be
made and transmitted as separate measurements.

In certain embodiments, signal attenuation may also aflect
sensor readings. “Early Signal Attenuation” (ESA) refers to
a condition 1 which the eflective signals representing an
analyte level measured by a sensor appears to attenuate and
then recover in the early stages of the sensor life. For
example, for some embodiments, the sensor signals of the
system may attenuate during the first 24 hours after inser-
tion. Some embodiments employ one or more procedures to
detect this state to avoid giving inaccurate readings while the
system 1s 1 an ESA condition. The states that may be
defined with respect to ESA, and the transitions between
those states, are discussed below i1n connection with cali-
bration scheduling. As will be further addressed in that
discussion, ESA detection may be performed (650), 1n some
embodiments, primarily during periods in which ESA 1is
likely to occur, e.g., within the first 24 hours after insertion.
ESA detection procedures are further described in com-
monly assigned U.S. patent application Ser. No. 12/363,712,
now U.S. Pat. No. 8,346,335, which 1s hereby imncorporated
by reference in 1its entirety herein for all purposes.

In certain embodiments, two calibration sensitivity tests
are pertormed (660) after passing the ESA tests described
above: an absolute test, and a relative (outlier) test. In the
absolute sensitivity test, the measured immediate sensitivity
1s compared to the nominal sensitivity for the sensor. The
relative sensitivity test 1s intended to eliminate “outlier”
measurements from being used to calculate composite sen-
sitivity. As will be discussed in the next section, a composite
sensitivity calculation, 1n some embodiments, requires two
sensitivity figures, S1 and S2. §;,,, S, ), and S, are
chosen in connection with ESA. It S,,,/S,, |, (e.g., current
valid sensitivity compared to preceding valid sensitivity) 1s
in the range of about 0.778 to 1.5, then S,; |, (the prior
value) will be used as 51, and §,;, (the current value) will
be used as S2. It the foregoing test fails, then, if there 1s an
S(m) established, and 1t S;;, compared to the previously
determined composite sensitivity (Sc) falls within the above
range, then S, ,,, will be used for S1 and S, ;, will be used as
S2. Otherwise, another calibration attempt 1s requested, for
which S, will become S,, ,,, and as part of the new
determination, the relative (outlier) test will be repeated.
These procedures are further described i commonly
assigned U.S. Publication No. 2009/003674°7, which 1s
hereby mncorporated by reference 1n 1ts entirety herein for all
purposes.

The computed composite sensitivity (670), S_, 1s used to
convert sensor current 1n units of ADC counts to calibrated
analyte (e.g., glucose) levels 1n units of mg/dL. in some
embodiments. For the first calibration, the composite sensi-
tivity 1s equal to the sensitivity from a single valid calibra-
tion attempt. When approprate thereafter, multiple sensi-
tivities are used to determine the composite sensitivity.

For the first calibration, the composite sensitivity takes
the value ot S, ;. Afterwards, the composite sensitivity 1s a

weilghted average of the S, and S, values determined by the
outlier check:

S.:‘:(k):SI Wl +SE W2

The first weighting parameter and the second weighted
parameter may be diflerent or substantially equal. They may,
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for example, be one or both of time based, or based on a
prior calibration parameter. In certain embodiments, the

weilghing factors used are about 0.4, 0.42, 0.433, 0.444, eftc.
for W, and 0.6, 0.58, 0.567, 0.556, etc. for W,. In some
embodiments, the weighting factors may depend upon when
the analyte measurement was taken, €.g., more recent ana-
lyte measurements may be assigned a larger weighting
factor.

S . may need to be updated between calibrations, as a
result of a pseudo-retrospective 1mmediate sensitivity
adjustment, 1n which case S, will be replaced with a new
value from that adjustment.

During operation of receiver unit 140, a calibrated analyte
concentration figure (G, ,,) may be obtained using the
currently valid composite sensitivity:

Gy =G, rc/S¢

The latest immediate sensitivity value S, used to calculate
composite sensitivity incorporates, as discussed, a lag cor-
rection to take into account the delay between a change in
blood analyte level and a corresponding change i1n the
interstitial level of the analyte. However, if analyte levels
continue to change after a calibration, 1t may be possible, 1n
some embodiments, to improve the lag correction by fac-
toring 1n system measurements taken after the calibration,
and use the improved correction to update S,, and, corre-
spondingly, S_.. This correction 1s based on subsequent
system measurements, and accordingly may be done without
taking a new reference measurement (e.g., fingerstick).

In certain embodiments, this correction, referred to as a
pseudo-retrospective immediate sensitivity correction (680),
1s calculated after about seven system measurements have
been taken after the prior calibration (provided no subse-
quent calibration attempt becomes eligible for update before
this number of system measurements have been collected),
of which at least about four are valid. Alternatively, the
retrospective data could be provided by a subsequent on-
demand system measurement. If the standard error associ-
ated with computing the adjusted analyte count 1s less than
the standard error in the underlying lag correction calcula-
tion (e.g., an improved correction 1s indicated), the sensi-
tivity used for S, may be updated accordingly.

To perform the correction, a new least-squares fitted line
may be determined, taking into account the additional post-
calibration data system measurements, and the slope (rate)
and intercept of this line used to calculate a corrected value
(G,,;,7) for the real time value G, -, which may be
divided by the reference measurement from the latest
attempt to obtain an updated sensitivity to use as S.,.

These procedures for calculating a pseudo-retrospective

immediate sensitivity correction are further described in
commonly assigned U.S. Publication No. 2008/0081977,

now U.S. Pat. No. 7,618,369, which is hereby incorporated
by reference 1n 1its entirety herein for all purposes.

As noted, 1f a pseudo-retrospective immediate sensitivity
correction 1s performed, resulting 1n an updated value for S,,
then a corresponding update composite sensitivity factor, S _,
may be calculated (690). The value of S, used 1n the earlier
calculation of S_ will continue to be used.

Further description of the procedures outlined 1n FIG. 6
can be found 1n, for example, U.S. Publication No. 2009/
0005665, now U.S. Pat. No. 8,444.560; U.S. Publication No.
2008/0288204; U.S. Publication No. 2009/0006034; U.S.
Publication No. 2008/0255808, now U.S. Pat. No. §,140,
142: U.S. Publication No. 2008/0256048; U.S. Publication
No. 2009/0006034; U.S. Publication No. 2008/0312842,
now U.S. Pat. No. 8,239.166; U.S. Publication No. 2008/
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0312845; U.S. Publication No. 2008/0312844, now U.S.
Pat. No. 7,996,158; U.S. Publication No. 2008/0255434;
U.S. Publication No. 2008/0287763; U.S. Publication No.
2008/0281179; U.S. Publication No. 2008/0288180, now
U.S. Pat. No. 8,260,558; U.S. Publication No. 2009/
0033482, now U.S. Pat. No. 7,768,386; U.S. Publication No.
2008/0255437; and U.S. Publication No. 2009/0036760.
Each of these disclosures are hereby incorporated in its
entirety herein for all purposes.

In some embodiments, filtering may be performed before
the analyte level 1s displayed. In an on-demand setting,
filtering may be accomplished by using analog-averaged
values, or by performing calculations for a series of stored
values transmitted as a batch and filtering those values as
above.

On-demand monitors will generally not automatically
perform system measurements after a discrete calibration
attempt, because such monitors inherently rely on the user to
initiate a system measurement, €.g., by bringing receiver
unit 140 into proximity of on-body unit 101 and/or provid-
ing a user input, such as pressing a button. Referring to FIG.
7, an adapted calibration approach may be used with an
on-demand monitor.

The system causes a reference measurement of a level of
said analyte 1n the subject to be performed by a method other
than use of the system being calibrated (710). The system
causes the user to use the on-demand system to perform at
least one test measurement of a level of said analyte (730),
within about a specified period betore or after the time of the
reference measurement (720). The system determines a
calibration adjustment, as a function of at least said refer-
ence measurement and said at least one test measurement
(740). The reference measurement 1n the foregoing protocol
could be caused to be conducted at a time 1n accordance with
a calibration schedule for the in-demand device.

An optional method for sensor calibration may comprise
the following steps: (a) factory determination of sensor
sensitivity, (b) factory assignment of sensor calibration
number, (c) user enters factory calibration number into
on-demand RX, (d) on-demand Tx measurement of sensor
current and temperature, and (e) software 1n RX determines
corrected glucose.

For calibration schemes where sensor data prior to and
substantially proximate to the calibration BG reading are
used 1n the sensitivity calculation, a more detailed adapted
calibration procedure could be used as shown 1n FIGS. 8A
and 8B. The receiver unit 140 may prompt the user for a
reference test (810). The user some time later performs a
reference test (820). If the calibration logic in the receiver
unit accepts the reference measurement for calibration
(830), then the recerver unit may prompt the user to acquire
an “on-demand” test result with the device (840). The user
some time later performs the on-demand test measurement,
¢.g., by bringing the receiver unit into proximity with the
transmitter device so as to induce a test measurement to be
taken (850). The receiver unit processes the reference mea-
surement and test measurement taken on demand to generate
a new sensitivity factor for calibration of the system (860).

The foregoing procedure differs from a CGM calibration
procedure, €.g., 1n 1ts prompts and in how the on-demand test
measurement 1s acquired. In a CGM 1mplementation, the
CGM data may be acquired continuously or mtermittently,
and are typically available prior to the reference measure-
ment.

A variation of the above procedure might be employed
where an on-demand measurement 1s acquired prior to but
recent to the reference measurement. In such a case, the
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system may check for this and not prompt the subject, and
use the on-demand measurement that had already been
acquired. Alternatively, the procedure may not use an
explicit prompt, but the user could be 1nstructed to perform
the on-demand test measurement without the prompt. Fur-
thermore, the receiver unit could provide the option of
whether to include the prompt or not.

The on-demand test measurement may include one or
more sensor measurements. These measurements may be
temporal signal samples in the past, lagged measurements of
the sensor signal such as can be achieved by measuring the
same signal lagged by an RC circuit, or any other form of
signal measurements including measurement of multiple
signals. For example, sensor temperature may also be mea-
sured. As previously mentioned, specific embodiments for
acquiring periodic, averaged and rate-of-change data from a
transmitter device in the context of an on-demand measure-
ment are discussed further below.

Some CGM calibration protocols use sensor data acquired
prior to, substantially proximate to, and after the reference
test reading 1n the sensitivity calculation. For example, in
some embodiments, CGM data subsequent to a BG reading
may be used to improve the lag correction included 1n the
calibration method. Such data may be used to update the
calibration at some time, for example about seven minutes,
alter the BG reading.

In certain embodiments, additional steps may be imple-
mented to increase the accuracy of the calibration. After the
new sensitivity factor 1s generated (860), after a predeter-
mined time after the reference measurement (870), the
receiver umt prompts the user to acquire another on-demand
test measurement (880). The receiver umit uses the newly
acquired on-demand test measurement to generate an
updated sensitivity factor (890). This process may use the
previously acquired on-demand data and reference measure-
ment, or only the previous sensitivity results; other process-
ing variations are possible as appropriate.

I1 the on-demand system has the capability of transmitting,
periodic, averaged or rate-of-change information based on a
sequence ol measurements preceding the on-demand trans-
mission, then that additional data will be available for use 1n
connection with the above-described update, to further
refine the update.

As discussed above, prompts are provided to the user to
perform a reference analyte measurement. In some embodi-
ments, 11 the user does not perform the reference measure-
ment within a grace period, the system will not provide
sensor readings until the next calibration measurement 1s
performed. Similarly, if a requested calibration 1s failed, for
any number of reasons (e.g., glucose outside of desirable
range for calibration), the system will not accept the blood
glucose measurement as a valid calibration and will not
provide sensor readings and may prompt the user to perform
additional calibration attempts.

As a result, the timing of the calibration requests can be
unpredictable, which can be frustrating to the user of the
system. Calibration requests that frequently repeat or that
occur during a fixed schedule may occur at inopportune
times. A technique 1s provided which imposes limits on the
system calibration requests to make the calibration algo-
rithm more user-iriendly.

As 1llustrated 1n F1IGS. 9 and 10, the system imposes a {irst
limitation (910) on the frequency of calibration requests 1n
some embodiments. The first calibration request limitation 1s
to put a cap on the frequency of repeated calibration requests
in a given time frame. In one embodiment, this limitation
can be posed as two nested time windows. For the first level,
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there can be no more than (Cal), max calibration requests in
any time period (TE),. For example, no more than 1 request
per hour. For example, 1t 1s believed that repeated measure-
ments within a short time frame do not provide as much new
glucose information to the user, since the blood glucose
change 1n a short period of time 1s limited by physiology. As
illustrated in FIG. 10. Time period (TE), begins to run and
Max calibration request counter (Cal), begins to run (1020).
It the number of calibration requests (Cal), exceeds the
maximum number of calibration requests (Cal), max (1030),
calibration requests are not allowed (1071). If the number of
calibration requests does not exceed the maximum number
of calibration requests, (Cal), 1s incremented (1040).

The second level 1s a cap on the number of calibration
requests 1ssued in a longer period of time (TE),, such as a
day. In some embodiments, the second time period may be
derived from a reasonable assessment of the limit i the
number of blood glucose measurements a user would typi-
cally be willing to perform in a given day in the absence of
continuous glucose monitoring. As illustrated in FIG. 10,
time period (TE), begins to run and Max calibration request
counter (Cal), begins to run (1010). If the number of
calibration requests (Cal), exceeds the maximum number of
calibration requests (Cal), max (1050), calibration requests
are not allowed (1071). If the number of calibration requests
does not exceed the maximum number of calibration
requests, (Cal), 1s imncremented (1060). If the number of
calibration requests (Cal), does not exceed the maximum
number of calibration requests (Cal), max (1050) and the
number of calibration requests (Cal), does not exceed the
maximum number of calibration requests (Cal), max (1030),
calibration requests are allowed (1070). When the first time
period (TE), expires (1080) or the second time period (TE),
expires (1090), the values are reset.

As 1llustrated in FIG. 9, the system imposes a second
limitation (920) on the frequency of calibration requests 1n
some embodiments. The second restriction on calibration
requests 1s to prevent or further limit calibration requests
during periods of time when the user 1s likely to be sleeping,
for example, when the system time 1s between 10 PM and 8
AM. In different embodiments, this time range may or may
not be set by the user. Calibration requests during these
periods may have a very negative ellect on the user expe-
rience, and so the possible loss 1n data that can occur if the
calibration expires at night may be oflset by the gain 1n user
satisfaction. As 1illustrated in FIG. 11, the user 1s provided
with the opportunity to set the beginning of the time period
in which calibration requests are not allowed (T, . .);
(1110). The user 1s provided with the opportunity to set an
end of the time period 1 which calibration requests are not
allowed (T, __ ), (1120). If the system determines that
current time T 1s within the selected time period (1130), then
calibration requests are not allowed (1140). If the current
time T 1s outside the selected time period, calibration
requests are allowed (1150).

As 1llustrated in FIG. 9, the system imposes a third
limitation (930) on the frequency of calibration requests 1n
some embodiments. The time range for preventing or lim-
iting calibration requests may incorporate mechanisms to
dynamically detect that a condition exists, e.g., that a user 1s
sleeping, so as to further improve the user experience. This
determination may involve such things as temperature data,
¢.g., skin surface temperature, measured by the transmaitter,
appearing to rise during sleep (perhaps due to blankets),
glucose data, e.g., characteristic glucose patterns such as
dawn phenomenon and symogyi eflect that could be 1ndica-
tive of sleep, frequency of interaction with the receiver (e.g.
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button pushes), e.g., reduced interaction with device during
sleep, relative position of the device, e.g., prolonged orien-
tation of the device 1 a horizontal position, acceleration
measurements, e.g., detecting motion (or lack of motion)
indicative of sleep, or other measures that may be indicative
of sleep. As illustrated 1n FIG. 12, the system determines
whether the condition exists (1210). If the condition exists
(1220), then calibration requests are not allowed (1230). It

the condition does not exist, calibration requests are allowed
(1240).

In certain embodiments, conditions other than sleeping
may be detected. For example, during periods of activity,
such as during exercise, calibration may be imconvenient to
the user and further, calibration during such times may be
inaccurate. The system may detect conditions associated
with such bodily conditions, such as by monitoring body
temperature, blood pressure or the pulse of the user. In
certain embodiments, a user or a user’s physician or care
provider may have the option of programming particular
bodily parameters associated with conditions during which
time calibration 1s not to be requested.

In further embodiments, calibrations are performed at
times determined by the user, in addition to or 1n substitution
of, the pre-set calibration schedule. Such user-determined
calibration may take into account that there are particular
times of day where it 1s optimal for the user to calibrate. For
example, exemplary optimal times to calibrate can include
in the morning betfore leaving the house for work, or at night
before going to bed.

In some embodiments, the user-determined calibration
can require that the user take some action to calibrate on a
user-determined schedule. If the user takes no action, then
the system defaults to the pre-set calibration schedule.

When the user uses a user-determined calibration sched-
ule, the algorithm typically adjusts the pre-set calibration
schedule (e.g., if the calibration occurred after the first day,
the next pre-set calibration would be scheduled to occur 48
hours after the just completed user-determined calibration).

As 1llustrated 1in FIG. 13, a first user-determined calibra-
tion mode includes a user-configurable calibration time.
According to this mode, a user can schedule their upcoming
calibrations. Two exemplary variations of this method are
proposed.

In the first variation, the user schedules the date and time
of 1 to n calibrations 1n advance (1310). In this vanation, the
user could access a screen on the recerver umit that showed
the upcoming calibration times. The user would be allowed
to edit or delete these times (within the rules of the algorithm
as discussed herein) and would be allowed to add new times.

In the second varnation, the user sets 1 to 2 times of days
when they want to calibrate (1320). For each time, the user
would be allowed to specily whether that calibration was to
occur daily or every 2 days.

As 1llustrated 1n FIG. 14, the system determines when 1t
will accept calibration (1410). In some embodiments,
accepting calibration 1s distinguished from an indication that
a calibration 1s required. For example, 1n some embodi-
ments, meamngiul calibration may be accepted as frequently
as 15 minutes apart, 30 minutes apart, an hour apart, etc. In
some embodiments, two calibrations per day (every twelve
hours) are permitted. In some embodiments, a calibration
pre-check 1s incorporated having a low threshold for failure
on rate of change. Further details are provided 1n U.S. Patent
Publication No. 2008/0161666, filed Dec. 29, 2006, entitled
“Analyte Devices and Methods,” which 1s incorporated by
reference 1n 1ts entirety herein.
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When the system will accept a calibration, the user 1s
notified (1430). According to some embodiments, an 1con or
some other indicator 1s added to the system that notifies the
user. The system may also determine the likelihood that a
calibration will succeed (1420). The system provides the
user with the likelihood that the calibration will succeed
(1440). Additionally a color coded icon could be used 1n
some embodiments to indicate the likelithood that a calibra-
tion will succeed. After providing the notifications, the
system provides the user with the option of scheduling
calibration (14350). If the user elects to calibrate, such
calibration 1s scheduled (1460).

In some embodiments, calibrations are required to occur
at one or more scheduled calibration time(s). For example,
preset intervals may be provided, e.g., that calibration occurs
at 24 hours, 48 hours, and 72 hours after sensor insertion,
ctc. In other embodiments, scheduled calibration times may
be every 12 hours after sensor insertion. A grace period may
be provided aiter the scheduled calibration time of about,
¢.g., about 30 minutes, about one hour, about 90 minutes. A
grace period ol about 2 hours, about 6 hours, about 8 hours,
about 12 hours, etc., 1s provided for subsequent attempts 1n
certain embodiments. An alarm may be provided to the user
1t no calibration occurs at either scheduled calibration time,
or at the expiration of the grace period to require the user to
perform the calibration.

A user may take a reference analyte measurement at
various times during the use of the system. However, the
reference analyte measurement 1s typically not accepted for
calibration except during these schedule calibration times
and the subsequent grace period.

In some embodiments, a time window 1s provided pre-
ceding the scheduled calibration time. As illustrated in FIG.
15, the system sets a predetermined scheduled calibration
time T(cal) (1510). The system may also set a time which
corresponds to the beginning of the calibration window
T(cal) ., . ., e.g., 10 minutes, 30 minutes, one hour, etc.,
before the scheduled calibration time (1520). The system
determines whether the current time T 1s within the window
(1530), and 1f the current time 1s within the window, the
system will allow calibration (1540). If the current time 1s
not within the window, the system will not allow calibration
(1550).

In some embodiments, 1f a reference analyte measurement
1s available, the system accepts the measurement for cali-
bration if the current time T 1s within the calibration window.
In some embodiments, the system provides an indication
(e.g., visual or audible) that calibration will be accepted,
regardless of whether a reference analyte measurement 1s
available.

If the user provides a reference analyte measurement,
such as a finger stick during the calibration window and
calibrates the system, the alarm 1s suppressed that normally
sounds 1 no calibration occurs at the predetermined cali-
bration time or within the grace period.

In some embodiments, the system requests calibration
based upon the stability of the sensor signal over time. Thus,
as illustrated 1n FIG. 16, the system incorporates logic to
dynamically detect that a particular condition exists (1610).
For example, the system may detect that the absolute rate of
change of the sensor signal 1s less than 1 mg/dL/min. In the
initial hours after sensor insertion, €.g., 2 hours, 10 hours, 12
hours, etc., this would also require that the on-line “ESA
detection and identification” module show high probability,
e.g., 90%, 95%, etc., that the sensor performance had
stabilized. See, e.g., U.S. patent application Ser. No. 12/363,
712, now U.S. Pat. No. 8,346,335, which 1s hereby incor-
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porated by reference 1n its entirety herein for all purposes. In
some embodiments, stability sensing operates as a detector
ol a hypoglycemic condition. For example, when low glu-
cose 1s detected during the period of time where instability
in the sensor signal 1s typically observed, an alarm 1is
presented and the user must perform a fingerstick to either
coniirm the instability 1n the sensor signal or to identify the
condition as a true hypoglycemic event. If the condition
exists (1620), the system may not allow calibration (1630)

and 1f the condition does not exist, calibration 1s allowed
(1640).

In the event of an apparent rapid sensor equilibration
betore a first time period, e.g., about four hours, the recerver
would then prompt the user to do an additional calibration
measurement subsequently, e.g., at about two hours, four
hours, six hours, ten hours, twelve hours, etc.

Furthermore, the logic within the system may operate to
cause the user to perform an additional system measure-
ment, some time atter the first or prior system measurement,
for example, five minutes, or seven minutes, or ten minutes,
or some other period after, and could provide functions to
update the system calibration adjustment based on the
additional system measurement. The updated calibration
adjustment may be calculated by the logic as a function of
at least the additional system measurement, the prior system
measurement and the reference measurement. Alternatively,
the updated calibration adjustment may be calculated by the
logic as a function of the additional system measurement
and a prior calibration adjustment.

Additionally, the system measurements used by the logic
for calibrating device may comprise temporal signal samples
acquired in the past, or time-lagged measurements of the
sensor signal, such as may be obtained from a RC network
coupled to an analyte sensor. Furthermore, the logic could
provide for mcorporating other measurements, such as skin
and sensor temperature measurements, which could be
acquired individually or as part of a data transmission from
transmitter device containing multiple measurements.

Additional detailed description of the continuous analyte
monitoring system, its various components including the
functional descriptions of the transmitter are provided in
U.S. Pat. No. 6,175,752 1ssued Jan. 16, 2001 entitled “Ana-
lyte Monitoring Device and Methods of Use”, and in U.S.
patent application Ser. No. 10/745,878 filed Dec. 26, 2003,
now U.S. Pat. No. 7,811,231, entitled “Continuous Glucose
Monitoring System and Methods of Use”, each assigned to
the Assignee of the present application, and each of which
are mcorporated herein by reference for all purposes.

In certain embodiments, a method for calibrating a signal
from an electrochemical sensor may comprise generating a
signal from the sensor, the signal corresponding to an
analyte concentration level 1n a biofluid of a subject, prompt-
ing a user to assay a calibration sample of the user’s blood
to obtain a calibration value, 1f a first condition 1s met, and
correlating the calibration value to at least one of the signals
from the sensor 1f the first condition of 1s met.

Certain aspects may include selecting a first time frame.

Certain aspects may 1nclude selecting a maximum number
of calibrations 1n the first time frame.

In certain aspects, the first condition may be met 1f fewer
than the maximum number of calibrations have occurred in
the first time frame.

Certain aspects may include selecting a second time
frame.

Certain aspects may 1nclude selecting a maximum number
of calibrations in the second time frame.
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In certain aspects, the first condition may be met if fewer
than the maximum number of calibrations have occurred in
the second time frame.

Certain aspects may include prompting the user to assay
a calibration sample of the user’s blood to obtain a calibra-
tion value, 1t a second condition 1s met.

Certain aspects may include allowing the user to select a
time period in which calibrations are not accepted.

In certain aspects, the second condition may be met 1f the
current time 1s outside the selected time period.

Certain aspects may 1clude prompting the user to assay
a calibration sample of the user’s blood to obtain a calibra-
tion value, 1t a third condition 1s met.

Certain aspects may include determining the existence of
a condition relating the subject.

In certain aspects, the condition may include a determi-
nation of whether the subject 1s asleep.

In certain aspects, the third condition may be met 1if the
condition does not exist.

In certain embodiments of the present disclosure, a
method for calibrating a signal from an electrochemical
sensor may comprise generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biotluid of a subject, providing a user the option to select a
time for obtaining a calibration sample of the user’s blood to
obtain a calibration value, and correlating the calibration
value to at least one of the signals from the sensor 1if the
current time corresponds to the selected time.

In certain aspects, providing a user an option to select a
time may include providing a user the option to select a date
and a time for calibration.

In certain aspects, providing a user an option to select a
time may 1clude providing a user the option to select a time
for recurrent daily calibration.

In certain embodiments of the present disclosure, a
method for calibrating a signal from an electrochemical
sensor may include generating a signal from the sensor, the
signal corresponding to an analyte concentration level 1n a
biofluid of a subject, determining whether calibration 1s
accepted, providing a user the option to obtain a calibration
sample of the user’s blood to obtain a calibration value 1t
calibration 1s accepted, and correlating the calibration value
to at least one of the signals from the sensor.

In certain aspects, the predetermined time may be {ifteen
minutes

In certain aspects, the calibration may be accepted if the
rate of change of the signal 1s within a predetermined
threshold.

Certain aspects may include determining the likelithood of
successiul calibration.

In certain aspects, an 1con may be provided 1n a display
unit relating to the likelithood of successtul calibration.

In certain embodiments, a method for calibrating a signal
from an electrochemical sensor may include generating a
signal from the sensor, the signal corresponding to an
analyte concentration level 1n a biofluid of a subject, deter-
minming a predetermined calibration time, determining a
prospective calibration window running prior to the prede-
termined calibration time, and allowing calibration 1f a
reference analyte measurement 1s available during the pro-
spective calibration window.

Certain aspects may include providing a grace period after
the predetermined calibration time, and providing an alarm
if no calibration 1s performed during the time period begin-
ning with the predetermined calibration time and ending
with the expiration of the grace period.
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Certain aspects may include suppressing the alarm 1if a
reference analyte measurement 1s available during the pro-
spective calibration window.

Certain aspects may include notifving the user 1f a refer-
ence analyte measurement 1s being accepted for calibration.

In certain aspects, the prospective calibration window
may 1nclude a time period of 10 minutes prior to the
predetermined calibration time.

In certain aspects, the prospective calibration window
may 1nclude a time period of 30 minutes prior to the
predetermined calibration time.

In certain aspects, the prospective calibration window
may include a time period of one hour prior to the prede-
termined calibration time.

In certain embodiments, a method for calibrating a signal
from an electrochemical sensor may include generating a
signal from the sensor, the signal corresponding to an
analyte concentration level 1n a biofluid of a subject, deter-
mining a condition relating to the stability of the sensor
signal, and allowing calibration if the sensor stability 1s
within a predetermined threshold.

In certain aspects, the predetermined threshold may
include a sensor stability of about 1 mg/dL/min.

Certain aspects may include determining a duration of
sensor operation and determining stability of the sensor
signal at a reference duration of sensor operation.

Certain aspects may include requesting a calibration 11 the
stability of the sensor signal at the reference duration of
sensor operation 1s below a threshold.

In certain aspects, the reference duration of sensor opera-
tion may include an elapsed time following insertion of the
sensor 1n the subject.

In certain aspects, the reference duration may include four
hours.

In certain embodiments, an analyte measurement system
may include an electrochemical sensor generating a signal
corresponding to an analyte concentration level 1 a biofluid
of a subject, and a processor unit comprising a user interface
for prompting a user to assay a calibration sample of the
user’s blood to obtain a calibration value, 1t a first condition
1s met; and configured to correlate the calibration value to at
least one of the signals from the sensor 11 the first condition
ol 1s met.

In certain aspects, the user interface may provide an
option for selecting a first time frame.

In certain aspects, the user interface may provide an
option for selecting a maximum number of calibrations 1n
the first time frame.

In certain aspects, the first condition may be met 1f fewer
than the maximum number of calibrations have occurred in
the first time frame.

In certain aspects, the user interface may provide an
option for selecting a second time frame.

In certain aspects, the user interface may provide an
option for selecting a maximum number of calibrations 1n
the second time frame.

In certain aspects, the first condition may be met 1f fewer
than the maximum number of calibrations have occurred in
the second time frame.

In certain aspects, the user interface may be configured to

prompt the user to assay a calibration sample of the user’s
blood to obtain a calibration value, it a second condition 1s
met.

In certain aspects, the user interface may provide an
option for allowing the user to select a time period in which
calibrations are not accepted.
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In certain aspects, the second condition may be met 11 the
current time 1s outside the selected time period.

In certain aspects, the user interface may be configured to
prompt the user to assay a calibration sample of the user’s
blood to obtain a calibration value, 1f a third condition 1s
met.

In certain aspects, the user interface may be configured to
determine the existence of a condition relating the subject.

In certain aspects, the condition may include a determi-
nation of whether the subject 1s asleep

In certain aspects, the third condition may be met 1if the
condition does not exist.

In certain embodiments, an analyte measurement system
may include an electrochemical sensor generating a signal
corresponding to an analyte concentration level 1n a biofluid
ol a subject, and a processor unit comprising a user interface
for prompting a user to select a time for obtaining a
calibration sample of the user’s blood to obtain a calibration
value; and configured to correlate the calibration value to at
least one of the signals from the sensor 1f the current time
corresponds to the selected time.

In certain aspects, the user interface may be configured to
prompt the user to select a date and a time for calibration.

In certain aspects, the user interface may be configured to
prompt the user to select a time for recurrent daily calibra-
tion.

In certain embodiments, an analyte measurement system
may include an electrochemical sensor generating a signal
corresponding to an analyte concentration level 1n a biofluid
ol a subject, a processor configured to determine whether
calibration 1s accepted, and a user interface providing a user
the option to obtain a calibration sample of the user’s blood
to obtain a calibration value 1 calibration 1s accepted and
wherein the processor 1s configured to correlate the calibra-
tion value to at least one of the signals from the sensor.

In certain aspects, the predetermined time may be {ifteen
minutes.

In certain aspects, the calibration may be accepted 1if the
rate of change of the signal 1s within a predetermined

threshold.

In certain aspects, the processor may be configured to
determine the likelithood of successtul calibration.

In certain aspects, the user interface may be configured to
provide an 1con relating to the likelihood of successtul
calibration.

In certain embodiments, an analyte measurement system
may include an electrochemical sensor generating a signal
corresponding to an analyte concentration level 1n a biofluid
ol a subject, a processor configured to determine a prede-
termined calibration time, to determine a prospective cali-
bration window running prior to the predetermined calibra-
tion time, and to allow calibration 1 a reference analyte
measurement 1s available during the prospective calibration
window.

In certain aspects, processor may be configured to provide
a grace period after the predetermined calibration time, and
provide an alarm if no calibration 1s performed during the
time period beginning with the predetermined calibration
time and ending with the expiration of the grace period.

In certain aspects, processor may be configured to sup-
press the alarm 11 a reference analyte measurement 1s avail-
able during the prospective calibration window.

In certain aspects, the user interface may be configured
notily the user if a reference analyte measurement 1s being,
accepted for calibration.
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In certain aspects, the prospective calibration window
may include a time period of 10 minutes prior to the
predetermined calibration time.

In certain aspects, the prospective calibration window
may 1nclude a time period of 30 minutes prior to the
predetermined calibration time.

In certain aspects, the prospective calibration window
may include a time period of one hour prior to the prede-
termined calibration time.

In certain embodiments, an analyte measurement system
may include an electrochemical sensor generating a signal
corresponding to an analyte concentration level 1n a biotluid
ol a subject, a processor configured to determine a condition
relating to the stability of the sensor signal, and to allow
calibration 1f the sensor stability 1s within a predetermined
threshold.

In certain aspects, the predetermined threshold may
include a sensor stability of about 1 mg/dL/min.

In certain aspects, a duration of sensor operation and the
stability of the sensor signal at a reference duration of sensor
operation may be determined.

In certain aspects, the user interface may request a cali-
bration if the stability of the sensor signal at the reference
duration of sensor operation 1s below a threshold.

In certain aspects, the reference duration of sensor opera-
tion may 1nclude an elapsed time following insertion of the
sensor 1n the subject.

In certain aspects, the reference duration may include four
hours.

In certain aspects, the analyte may be glucose.

In certain aspects, the assayed calibration sample may be
obtained from a fingerstick testing site.

In certain aspects, the assayed calibration sample may be
obtained from an alternative site test.

In certain aspects, the location may be located along a leg
ol a user.

In certain aspects, the location may be located along an
abdomen of a user.

In certain aspects, obtaining the calibration measurement
may include determining the calibration measurement in less
than or equal to about 1 ul. of blood.

In certain aspects, the calibration value may be compared
to at least one signal from the sensor for use in calibrating
the sensor.

While the present disclosure has been described with
reference to the specific embodiments thereof, 1t should be
understood by those skilled 1n the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the present
disclosure. In addition, many modifications may be made to
adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective, spirit and
scope of the present disclosure. All such modifications are
intended to be within the scope of the claims appended
hereto.

What 1s claimed 1s:

1. A method, the method comprising;:

positioning a portion of an analyte sensor through a skin

surface 1 fluid contact with biofluid under the skin
surface of a subject;

generating a signal from the analyte sensor, the signal

corresponding to an analyte concentration level 1n the
biofluid;

storing, using one or more processors, a pre-set calibra-

tion schedule and at least one user-defined time period
having a beginning time set by the subject and an
ending time set by the subject;
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prompting, using the one or more processors, the subject
to assay a calibration sample of the subject’s blood to
obtain a calibration value only when a first condition 1s
met,;
selecting, using the one or more processors, a first time
frame and a maximum number of calibrations in the
first time frame;
confirming, using the one or more processors, that a time
for prompting the subject to assay the calibration
sample 1s outside of the user-defined time period; and
correlating, using the one or more processors, the cali-
bration value to at least one of the signals from the
sensor when the first condition 1s met;
wherein the first condition 1s met when fewer than the
maximum number of calibrations have occurred 1n the
first time frame; and
prior to prompting the subject to assay the calibration
sample, performing a data validation routine including
a check for sensor electronics hardware error, a check
on the data quality, and a check for current and/or
voltage saturation.
2. The method of claim 1, further comprising selecting a
second time frame.
3. The method of claim 2, further comprising selecting a
maximum number of calibrations 1n the second time frame.
4. The method of claim 3, wherein the first condition 1s
met when fewer than the maximum number of calibrations
have occurred in the second time frame.
5. The method of claim 1, further comprising prompting
the subject to assay a calibration sample of the subject’s

blood to obtain a calibration value, when a second condition
1s met.

6. The method of claim 3, further comprising prompting
the subject to assay a calibration sample of the subject’s
blood to obtain a calibration value, when a third condition 1s
met.

7. The method of claim 6, further comprising determining,
a presence ol a condition relating to the subject.

8. The method of claim 7, wherein the condition relating
to the subject comprises a determination of whether the
subject 1s asleep.

9. The method of claim 7, wherein the third condition 1s
met when the condition relating to the subject does not exist.

10. The method of claim 5, wherein the second condition
1s met when a waiting period between a previous calibration
event associated with the pre-set calibration schedule and
the time when the subject was prompted to assay the
calibration sample has elapsed.

11. The method of claim 1, wherein the analyte concen-
tration level 1s a glucose concentration level.

12. The method of claim 1, wherein obtaining the cali-
bration value comprises determining a calibration measure-
ment 1n less than or equal to about 1 uL of blood.

13. The method of claim 1, wherein the calibration value
1s compared to at least one of the signals from the sensor to
calibrate the sensor.

14. The method of claim 1, further comprising:

confirming that a calibration sample was not obtained

within a predetermined period of time after the prompt-
ing the subject to assay the calibration sample has
clapsed;
confirming that a reference measurement 1s available
during a period of time prior to the prompting the
subject to assay the calibration sample; and

suppressing an alarm associated with confirming that the
calibration sample was not obtained.
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15. The method of claim 1, wherein the pre-set calibration
schedule 1s not alterable by the subject.

16. An apparatus, comprising:

a processing unit; and

a memory coupled to the processing unit, the memory
storing instructions which, when executed by the pro-
cessing unit, causes the processing unit to receive a
signal from a sensor 1n fluid contact with biofluid under
a skin surface of a subject, the signal corresponding to
an analyte concentration level 1n a biofluid, store a
pre-set calibration schedule and at least one user-
defined time period having a beginning time set by the
subject and an ending time set by the subject, prompt
the subject to assay a calibration sample of the subject’s

blood to obtain a calibration value, only when a first
condition 1s met, select a first time frame and a maxi-
mum number of calibrations in the first time frame,
coniirm that a time for prompting the subject to assay
the calibration sample 1s outside of the user-defined
time period, and correlate the calibration value to at
least one of the signals from the sensor when the first
condition 1s met, wherein the first condition i1s met
when fewer than the maximum number of calibrations
have occurred in the first time frame, and further,
wherein prior to the processing unit prompting the
subject to assay the calibration sample, the memory
further includes instructions which, when executed by
the processing unit, causes the processing unit to per-
form a data validation routine including a check for
sensor electronics hardware error, a check on the data
quality, and a check for current and/or voltage satura-
tion.

17. The apparatus of claim 16, wherein the memory
further includes instructions which, when executed by the
processing unit, causes the processing unit to select a second
time frame.

18. The apparatus of claim 17, wherein the memory
turther includes instructions which, when executed by the
processing unit, causes the processing unit to select a
maximum number of calibrations in the second time frame.

19. The apparatus of claim 18, wherein the first condition
1s met when fewer than the maximum number of calibrations
have occurred 1n the second time frame.

20. The apparatus of claim 16, wherein the memory
further includes instructions which, when executed by the
processing unit, causes the processing unit to prompt the
subject to assay a calibration sample of the subject’s blood
to obtain a calibration value, when a second condition 1s met.

21. The apparatus of claim 20, wherein the memory
further includes instructions which, when executed by the
processing unit, causes the processing unit to prompt the
subject to assay a calibration sample of the subject’s blood
to obtain a calibration value, when a third condition 1s met.

22. The apparatus of claim 21, wherein the memory
further includes instructions which, when executed by the
processing unit, causes the processing unmit to determine a
presence ol a condition relating to the subject.

23. The apparatus of claim 22, wherein the condition
relating to the subject comprises a determination of whether
the subject 1s asleep.

24. The apparatus of claim 22, wherein the third condition
1s met when the condition relating to the subject does not
exist.

25. The apparatus of claim 20, wherein the second con-
dition 1s met when a waiting period between a previous
calibration event associated with the pre-set calibration
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schedule and the time when the subject was prompted to
assay the calibration sample has elapsed.

26. The apparatus of claim 16, wherein the analyte
concentration level 1s a glucose concentration level.

277. The apparatus of claim 16, wherein the 1nstructions to 3
obtain the calibration value include instructions to determine
a calibration measurement 1n less than or equal to about 1 pL.

of blood.
28. The apparatus of claim 16, wherein the calibration

value 1s compared to at least one of the signals from the 10
sensor to calibrate the sensor.
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